Aims. We report the discovery of the super-soft X-ray source XMMU J052016.0−692505 in the LMC with XMM-Newton. Methods. We analyse the EPIC spectra of XMMU J052016.0−692505 and study the likely optical counterpart LMCV2135. Results. Using an absorbed blackbody spectrum we derive a bolometric luminosity of > ∼ 10 34 erg s −1 for the X-ray source at LMC distance. Assuming that the bolometric luminosity does not exceed the Eddington luminosity of a ∼1.0 M star we derive a blackbody temperature of (25−70) eV and an LMC absorbing column density of <6 × 10 21 cm −2 . The likely optical counterpart of XMMU J052016.0−692505 is the LMC variable star LMCV2135 which is a MACHO and OGLE variable. The infrared and optical colors and magnitudes of this star are consistent with a hot star of likely spectral type B. The long-term MACHO light curve shows variability with a timescale of ∼500 and ∼1000 days. The optical spectra obtained at the 1.9-meter telescope of the South African Astronomical Observatory show strong H α and H β emission lines (with EW Hα ∼ 34 Å) which indicate a B0-3e star. The radial velocities of the H α and H β emission lines show a variation from ∼400−450 km s −1 to ∼5−20 km s −1 which is consistent with the systemic velocity of the LMC and an intrinsic variation most likely due to the rotation of the Be disk. We discuss LMCV2135/XMMU J052016.0−692505 as a Be/white dwarf binary system in the LMC. The super-soft X-ray spectrum of the source could be due to a stable nuclear burning white dwarf with a mass of ∼0.9−1.0 M .
Introduction
Super-soft X-ray sources are characterized by very soft spectra with counts detected mainly below ∼0.5−1.0 keV. They were observed in the Magellanic Clouds, the Galaxy and in more than 10 external galaxies (cf. Kahabka & van den Heuvel 2006 for a recent review). Many of the super-soft sources in the Magellanic Clouds and the Galaxy were optically identified with either close (orbital periods ∼9 h to 4 d) or wide (orbital periods ∼300−1600 days) binaries. Several of the super-soft sources are identified with the post-nova phase of a classical (orbital periods ∼85 m to 3.5 h), recurrent, or symbiotic nova. Many observed characteristics of binary super-soft sources can be explained by steady or stable nuclear burning of H-rich matter accreted onto CO (or ONeMg) white dwarfs (WDs). Effective blackbody temperatures of ∼20−100 eV and (bolometric) luminosities of ∼10 36 −10 38 erg s −1 were inferred from X-ray spectra, characteristic of steady nuclear burning on ∼0.6−1.4 M WDs (see van den Heuvel et al. 1992; Nomoto et al. 2006) . Accretion rates required for steady nuclear burning (on "cold" WDs) are ∼(1−6) × 10 −7 M yr −1 . It was proposed that hot WD models require lower accretion rates (Starrfield et al. 2004 ; see also Nomoto et al. 2006 ).
Based on observations with XMM-Newton, an ESA Science Mission with instruments and contributions directly funded by ESA Member states and the USA (NASA).
Studying individual binary super-soft sources may allow to derive constraints on the mass of the WD and the donor star, derive the orbital period and constrain the accretion rate. In many systems the super-soft phase is observed to be short (from weeks to years) and several scenarii can account for a short duration of a super-soft phase: a variable accretion rate giving rise to envelope oscillations, varying system intrinsic obscuration effects or a limited reservoir of nuclear fuel for post-nova systems. Besides binary super-soft sources single star super-soft sources like hot pre-WDs (PG1159 stars) and hot nuclei of planetary nebulae were observed. Also cooling neutron stars (NSs) and magnetic cataclysmic variables (polars) can have a super-soft component but of low luminosity.
A program was initiated to observe and study faint ROSAT discovered super-soft sources in the fields of the Magellanic Clouds with XMM-Newton (cf. Kahabka & Haberl 2006 for candidate super-soft sources in the field of the Small Magellanic Cloud). This work is complemented by a search for new supersoft sources in archival XMM-Newton observations of the LMC field. Here we report on the discovery, optical identification, and study of a new super-soft source XMMU J052016.0−692505 in the LMC. Jan. 17, 2004 , 20:54 Jan. 18, 2004 XMM-Newton archive in the direction towards the LMC. XMMU J052016.0−692505 was detected in an EPIC-pn observation performed from 17 to 18 January 2004 and pointed at the LMC supernova remnant SNR 0520−69.4. The data were collected with the European Photon Imaging EPIC cameras with the pn CCD detector (Strüder et al. 2001) and the MOS1 and MOS2 CCDs (Turner et al. 2001 ) behind the three X-ray telescopes (Aschenbach et al. 2000) . The observation is summarized in Table 1 .
We created the EPIC event files using "epchain" with the parameter setting screenlowthresh = 0 and "emchain" with default setting. For the extraction of the spectrum we used only single pixel events for pn and the setting PATTERN ≤ 12 for MOS. For spectral fitting we calculated effective areas and redistribution matrices for EPIC-pn and EPIC-MOS using SAS 6.5 tools, but we included in the spectral analysis only events above 170 eV as source counts were observed mainly above 200 eV. We performed spectral fits using XSPEC v11.3.2. Source net count rates were derived for EPIC-pn from the energy spectra in the given energy bands. Optical monitor (OM) data (Mason et al. 2001) were used to determine the count rate and flux in the optical. The X-ray position of XMMU J052016.0−692505 as determined from a maximum likelihood fit is RA (J2000) = 5 h 20 m 16 . s 0, Dec (J2000) = -69
• 25 5. 8.
EPIC spectral analysis
The source was observed with the EPIC-pn detectors with a net exposure time of 20.7 ks and a count rate of (2.40 ± 0.64)×10 −3 s −1 (0.2-1.0 keV). Source counts are detected below 1 keV in agreement with a super-soft source. We extracted the source counts in a 15 circle and the background counts from a nearby 25 circle and collected ∼50 source counts for X-ray spectral fitting. XMMU J052016.0−692505 was also detected with the EPIC-MOS detectors with a net exposure of 22.2 ksec and a count rate of (1.48 ± 0.51) × 10 −3 s −1 . We extracted the source counts in an 25 circle and the background counts from a nearby 25 circle and collected ∼33 source counts for X-ray spectral fitting.
We used a blackbody spectral model modified by galactic absorption using the solar elemental abundances of Anders & Grevesse (1989) and in addition by absorption due to LMC gas with an abundance of 0.5 solar. In the direction of XMMU J052016.0−692505 the galactic foreground N H is 4.7 × 10 20 cm −2 which we used as fixed value in the fit. The total LMC N H is 1.1 × 10 21 cm −2 (Brüns et al. 2005) . A simultaneous fit with all model parameters the same for pn and MOS spectra was performed using the blackbody model (Fig. 1) . The results are summarized in Table 2 .
The 90% confidence errors have been determined from the LMC N H -blackbody kT chi-squared plane using the constraint that the luminosity does not exceed the Eddington luminosity of a 1 M star of ∼10 38 erg s −1 (Fig. 2) . We used the C-statistics (Cash 1979) in XSPEC as there are only 2-17 background subtracted source counts per spectral bin from the pn and 3-9 from the MOS.
EPIC-pn light curves
We generated EPIC-pn light curves of XMMU J052016.0− 692505 using a binsize of 1 hour in the "soft" (0.17-0.4 keV) and the "hard" (0.4-0.7 keV) band. There is some variation seen in the soft count rate during the observation (although the uncertainties are large). The statistics is insufficient to reveal any significant intensity or hardness ratio variations.
ROSAT observations
XMMU J052016.0−692505 was observed but not detected with the inner part (≤20 ) of the ROSAT PSPC detector during a few observations with a short exposure time of ∼140−240 s. XMMU J052016.0−692505 was also observed with the ROSAT HRI during a 18 ksec observation performed from July 11 to October 12, 1997. We applied a maximum likelihood detection to the data and found a source with a likelihood ratio of 6.3 (which equals a probability of a spurious detection of 0.2%) at the position RA (J2000) = 5 h 20 m 16. s 9, Dec (J2000) = -69
• 25 9 (3 90% confidence error radius), which agrees within the statistical and systematic error due to the attitude with the position of XMMU J052016.0−692505. We derive a HRI count rate of (5.1 ± 2.2) × 10 −4 s −1 which corresponds only to a 2.3σ detection.
Optical identification
The EPIC-pn position of XMMU J052016.0−692505 is consistent with the position of the LMC variable star LMCV2135 at a distance of 0. 4 from the optical position (RA (J2000) = 05 h 20 m 16. s 08 and Dec (J2000) = -69
• 25 5. 8). The star is classified as a poorly studied optical variable (Samus 2004 ).
XMM-Newton OM observation
LMCV2135 was also in the field of view of the OM. To verify the optical counterpart, which we found by correlation with catalogues in VizieR, we adjusted the OM UVM2 image using objects from the Massey (2002) UBVR CCD survey catalogue of the Magellanic Clouds. We derived a shift of -0. s 5 in right ascension and +1. 7 in declination, which we applied to the OM image, Fig. 3 . We clearly find a star at the position of the X-ray source. To estimate the optical V magnitude of the optical star, we derived count rates of 12.92 ± 0.06 s −1 in the UVM2 (4260 s exposure) and of 30.54 ± 0.08 s −1 in the UVW1 (5000 s exposure) filter. Assuming a B0 spectral type we derive a V magnitude of 15.45 ± 0.05 from both filter measurements, correcting for deadtime and coincidence losses (Sect. 3.5.6 of XMM-Newton User's Handbook). We note here, that the OM derived V magnitude strongly depends on the assumed spectral type. We derive from the count rates in the two filters fluxes of 2.84×10 −14 erg cm −2 s −1 and 1.45×10 −14 erg cm −2 s −1 at 2310 Å and 2910 Å respectively.
MACHO and OGLE light curves
LMCV2135 is identical to the MACHO star 78.6466.23 and the OGLE variable OGLE 052016.25−692505.3 (Udalski et al. 1997 (Udalski et al. , 1998 with B = 14.77 ± 0.01, V = 14.80 ± 0.02, and I = 14.68 ± 0.04 mag and the B − V = −0.03 ± 0.03 and V − I = 0.12 ± 0.04 (cf. Fig. 4 ). These colors and magnitudes are consistent with a Be star or Be/X-ray binary in the LMC (Mennickent et al. 2002) . We note that the MACHO calibrated Bmag derived with the Web site display differs only by ∼0.2 mag from our light curve adjusted to the OGLE B-mag light curve but it is systematically by +0.75 mag too bright (see Schmidtke & Cowley 2005 ).
An FFT analysis has been applied to the MACHO R and Bband and the OGLE I-band data (Lomb 1976; Scargle 1982) . The MACHO light curves were retrieved with the interactive light curve browser 1 . High power (>40) was found for periods of 510 ± 20 days in the R and B-band and ∼1040 ± 70 days in the R-band data (Fig. 5) . There is also a long-term trend in the MACHO R and B-band data with increasing intensity over the 2500 days of observations. We cover only a few cycles for both periodicities in the MACHO observation and cannot judge on a periodic nature.
Optical spectroscopy
Spectral observations of LMCV2135 were conducted between 23 and 30 January, 2006 using the 1.9-m telescope and Cassegrain spectrograph at the South African Astronomical Observatory (SAAO) in Sutherland. A total of 7 spectra were obtained using grating number 7 (300 lines mm −1 ) between 4000 and 7000 Å with a spectral resolution of 5 Å. The spectra were calibrated and cleaned using standard routines provided in the iraf and figaro software package. After extraction and wavelength calibration, the one dimensional spectra were flux calibrated using the spectrophotometric standard EG 21. We estimate that these fluxes have up to 50 percent variation from night to night as the spectra were obtained during an independent project to study supernova remnants and superbubble shocks and flux ratios rather than absolute fluxes were of interest. These fluxes therefore should not be considered for absolute spectrophotometry. However, comparison of radial velocities and relative fluxes of emission lines are reliable. An example spectrum is shown in Fig. 6 . The H α and H β emission lines were analyzed for position, equivalent width, Gaussian full width at half maximum (FWHM) and flux using "splot" found in the iraf software suite. Radial velocities were determined using emsao from iraf's rvsao package. The observations and results are summarized in Table 3 .
Discussion
The X-ray luminosity of 10 34 to 10 38 erg s −1 of XMMU J052016.0−692505 inferred from the EPIC data is consistent with luminosities of Be/NS X-ray binaries. But the Xray spectrum is much softer than observed in Be/NS binaries. The luminosity is above the luminosity of accreting WDs but in the range of stable nuclear burning WDs. Thus XMMU J052016.0−692505 could be the first Be/X-ray binary with a WD as compact object where the WD exhibits super-soft X-ray emission due to stable nuclear burning. Only a few other Be/X-ray binaries including γ Cas were proposed to harbour a WD due to their low X-ray luminosity (Oliveira et al. 2006) . But in these cases the X-ray spectrum is hard and very similar to that observed from Be/X-ray binaries with a NS. Thus if the super-soft X-ray spectrum observed with EPIC is due to a steadily nuclear burning WD, then XMMU J052016.0−692505 could be a Be/WD X-ray binary in the LMC. A spectral type of B0-3e would be consistent with the range of spectral types predicted from population synthesis calculations for Be/WD binaries (Pols et al. 1991) .
The Be star and disk
The optical continuum (e.g. the observation of JD 2 453 761.42) can be reproduced with a synthetic stellar spectrum (Lejeune et al. 1997 ) with a temperature of 1.6 × 10 4 K (metallicity 0.5 solar) and a stellar radius of 10.9 R , consistent with a ∼8 M star (giant, luminosity class III) (Fig. 7) .
A visual extinction A V = 0.81 has been used. Depending on the assumed optical extinction and stellar radius the observed optical continuum is consistent with a range of stellar temperatures of ∼12 000−30 000 K. Most models are consistent with the evolutionary track of a ∼(7−16) M star, equivalent to a spectral type B0-3 (Harmanec 1988) . We note that although the fluxes of our optical spectra may not be better determined than ∼50% they still can be used to qualitatively estimate the stellar parameters. But we cannot infer a unique solution of stellar parameters.
We may further constrain the stellar parameters by taking into account the fluxes measured in the UV with the OM filters Fig. 7 . a) Synthetic flux spectrum of a B star (T eff = 16 000 K, log g = 3.5, R = 10.9 R ) with A V = 0.76, (N H = 1.2 × 10 21 cm −2 ) which reproduces the optical spectrum of XMMU J052016.0−692505 measured on day JD 2 453 759.36 (cf. Fig. 6 ). H α and H β are seen in absorption from the stellar spectrum as we do not include the contribution from the Be disk. b) Synthetic flux spectrum of a B star (T eff = 30 000 K, log g = 3.5, R = 5.1 R ) with A V = 0.33, (N H = 5.0 × 10 20 cm −2 ) which reproduces the optical spectrum of XMMU J052016.0−692505 measured on day JD 2 453 759.36 (cf. Fig. 6 ) and the OM UV measurements. H α and H β are seen in absorption from the stellar spectrum. We include in addition a powerlaw continuum for the Be disk (F λ = 2.0 × 10 −6 λ −3 , e.g. Hony et al. 2000) . c) X-ray, UV and optical model spectra (from b) and observational data points.
UVW1 and UVM2. Consideration of the UV measurements requires a ∼30 000 K stellar spectrum (metallicity 0.3 solar) and a stellar radius of 5.1 R , consistent with a ∼15 M star of spectral type B0 (main-sequence, luminosity class V). The V-magnitude for such a spectrum is ∼15.6±0.2 and consistent with the magnitude estimated in Sec. 4.1. We note that from population synthesis calculations it follows that a Be star with a mass of ∼14 M and a WD with a mass of ∼1.2 M are the most likely to be observed (Pols et al. 1991) . Such masses are reasonably close to the masses inferred from our XMM-Newton and optical data.
In addition strong H α λ6563 and (with the exception of the observation JD 2453765.58) H β λ4861 emission lines are observed. We do not detect the HeII λ4686 line which is consistent with the emission lines arising in the Be disk. The H α lines have an equivalent width EW H α ∼ 32−37 Å and a mean full-width at half maximum FWHM ∼ 8.3 ± 1.1 Å (taking into account an instrumental width of 5 Å), which corresponds to σ H α = FWHM H α /2.35 = 3.5 Å and a velocity of ∼160 km s −1 . The large observed equivalent width of the H α line may be explained by a large radius of the equatorial disk of the Be star and a high rotational velocity of the star, i.e. a large value of v sin i. Indeed an H α equivalent width of 32−37 Å and a rotational velocity of 160 km s −1 are consistent with the maximum equivalent width of stars of spectral type B0-3e. A higher value of v sin i = 293 km s −1 is from Eq. (7) of Dachs et al. (1986) . Such a velocity would be below the escape velocity of 500 km s −1 of a 8 M , R = 11 R star and of 1000 km s −1 of a 15 M , R = 5 R star respectively. The H β line is expected to form in the innermost regions of the stellar disk. The stronger variability of the H β flux (with the disappearance during one observation) may indicate that there are large variations in the mass flow in the inner disk. We note that a rotational velocity of 160 km s −1 and a stellar radius of 11 R (5 R ) correspond to a rotation period of 3.5 days (1.6 days). Thus the variations in the H α and H β flux seen from observation to observation (with a spacing of ∼1 day) could be due to stellar rotation.
In addition the H β flux is more affected by extinction than the H α flux. Thus the variations seen in the H α and H β flux may be due to variations in the extinction. The ratio of the H α to H β flux varies in the range ∼4.0−6.3 (Table 3) . To estimate the extinction (variations) we use the approach described in Scowen et al. (1992) . The unreddened intensity I λ relative to the intensity of H β (I H β ) is related to the measured intensity F λ relative to F H β as
(1) with f λ − f H β taken from the standard extinction curve. With f (Hα) − f (H β ) = −0.323 (Osterbrock 1974) , one obtains with (Osterbrock 1974 )
The optical depth τ λ at the wavelength λ is given by (Osterbrock 1974) . The extinction in the V-band (λ5561) is then determined with f (λ5561) = 0.84 as
The observed flux ratio H α to H β gives with Eq. (4) a range in visual extinction A V = 0.42−0.96. The equivalent hydrogen absorbing column density is ∼(0.65−1.4) × 10 21 cm −2 . We do not sufficiently resolve the H α profile of LMCV2135 and cannot infer an inclination from the H α line. We note that a high inclination (i > 33
• ) may show up as double emission and central absorption and classify the source as a shell star (Briot 1986 ). In the further discussion we will use a value for the inclination angle of 60
• . In Be/NS binaries smaller H α equivalent widths (of ∼10−20 Å) are observed which indicate for smaller Be disks. This is consistent with higher eccentricities of NS orbits around Be stars which allow the NS to come closer to the Be star during periastron passage. There are two suspected Be/NS X-ray binaries identified in the Small Magellanic Cloud which also show large H α equivalent widths, XTE J0052−723 (43.3 Å, Laycock et al. 2003) and RX J0101.0−7206 (54.6 Å, Edge & Coe 2003) . The line profile of the first source is double-peaked which indicates for a likely high inclination while the line profile of the second source indicates that the Be star is observed close to the axis of rotation.
The H α and H β lines show variations in the radial velocity during the observations covering ∼7 days (Table 3 ). The range of radial velocities is ∼430 km s −1 to ∼6 km s −1 for the H α line and ∼450 km s −1 to ∼20 km s −1 for the H β line. As the systemic velocity of the LMC is ∼278 km s −1 these variations in the radial velocities are consistent with a radial velocity amplitude of ∼170−225 km s −1 . If these radial velocity variations are due to a Keplerian motion, then constraints can be derived for a Keplerian period, the component masses and the inclination of the orbit. We note that the rotation velocity of the star and the Keplerian velocity of the disk at a few stellar radii are comparable. The poor sampling of a likely Keplerian orbit does not allow to derive reliable constraints. We only note that the observed radial velocity variations are consistent with a Keplerian orbit of ∼10 days around a B0-3 star as expected from the disk of such a star. The observed variations would require that the H α and the H β emission is not isotropic across the Be disk. This may be due to anisotropic filling of the Be disk or longitudinal oscillations. We note that a period of ∼10 days is consistent with periods of days found from the photometric variability of the optical counterparts of several Be/X-ray binaries which are explained as low-amplitude quasi-periodic variations of the equatorial Be disk (e.g. Schmidtke & Cowley 2005) .
Binarity
We found quasi-periodicities of 510 ± 20 and 1040 ± 70 days from an FFT applied to the MACHO light curve of XMMU J052016.0−692505. But we cover only a few cycles and cannot judge on a periodic nature of these variabilities. We thus cannot judge whether one of these variabilities is related to the orbital period of the likely binary system or to the activity of the Be star and its disk. An orbital period of a few hundred days is predicted from population synthesis calculations of Be/WD systems (Raguzova 2001) . If XMMU J052016.0−692505 is a Be/WD binary system then the WD is expected to be massive (a mass of 0.9−1.0 M is likely) in agreement with what would be required from the mass and evolutionary state of the Be star companion.
Stable nuclear burning WD
We argue that the super-soft spectrum and high X-ray luminosity, the long-term optical light curve which shows no strong outbursts and may indicate for a rather circular orbit, are consistent with a Be/WD X-ray binary. If XMMU J052016.0−692505 is a Be/WD binary with steady nuclear burning on the WD surface, then the accretion rate onto the WD has to be sufficiently large that steady nuclear burning can be sustained. For a WD mass in the range ∼0.7−1.2 M the steady nuclear burning rate is ∼(1−4)×10 −7 M yr −1 . For lower accretion rates a stable nuclear burning phase can occur following a nova outburst (post-nova). The existence of Be/WD binary systems has been predicted in large numbers mainly from population synthesis calculations (e.g., Pols et al. 1991; Raguzova 2001) . Only few such systems have been proposed from the observations so far. In order to estimate if a steady nuclear burning WD can occur in a Be/WD binary system we estimate the accretion rate onto the WD. We approach this question by using the method described by Waters et al. (1988) .
We use a stellar system with a Be star of radius R * and with an equatorial disk. For the radial dependence of the density of such a disk ρ(r) the description of Waters et al. (1988) is used
with 3 ≤ n ≤ 3.75. The wind velocity in such a disk is described as
with m = n − 2. We use the relative velocity v rel = v w with the wind velocity v w , ρ 0 = 10
. We then derive the accretion rate froṁ
Using a less steep density profile (n = 3.0) for the Be disk as may be more consistent with the extended Be disk observed in the optical spectrum of LMCV2135 (cf. van Kerkwijk et al. 1995 , Fig. 6 ), we infer a higher accretion rate ofṀ acc < 1.5 × 10 −5 M yr −1 . We note that our estimate of the accretion rate is very uncertain. Hydrodynamic calculations as have been performed for the Be/X-ray binary system 4U 0115+63 (Hayasaki & Okazaki 2004) would be required. But such calculations cannot yet be performed for LMCV2135 as a complete set of stellar and orbital parameters has so far not yet been determined.
Another requirement for a stable nuclear burning WD is that the WD has accreted the critical envelope mass of H-rich matter. This mass strongly depends on the mass of the WD and less strongly on the accretion rate onto the WD. For a 0.9−1.0 M WD the critical envelope mass is ∼(5−7) × 10 −5 M (e.g. Kahabka & van den Heuvel 2006) . Assuming an effective accretion rate of <1.5 × 10 −7 M yr −1 (assuming that the maximum accretion rate is <1.5 × 10 −5 M yr −1 when a stellar disk has formed and the stellar disk is present only 1% of the time), it will take >5 × 10 2 yr to accrete the critical envelope mass. The evolutionary age of a star which reproduces the temperature and radius of the observed optical continuum is ∼0.25−4.3 × 10 7 yr. Thus there may be sufficient time for accumulating a few critical envelopes. In addition the formation of a 0.9−1.0 M WD from a progenitor star, which is shorter than the evolutionary age of the Be star, has to be taken into account. Thus it appears possible that the WD is in a state of stable nuclear burning.
As the X-ray spectrum of the nuclear burning WD is supersoft it will be absorbed by the Be disk. The Hydrogen absorbing column density of a Be disk can be estimated with the density, Eq. (5)
with h(r) the height of the disk, i the inclination angle and m p the proton mass. Using r = 5 R * , R * = 5 to 10 R , h(r) = β r, β = 0.04 (Hony 2000) , i = 60
• and n = 3.0, ρ 0 = 10 −11 g cm −3 , one gets N H = (1.3−6.7) × 10 22 cm −2 . Making use of the observed Hydrogen column density, we can infer the distance r 0 of the WD from the Be star.
With N H < 6 × 10 21 cm −2 one obtains r 0 > 5 R * . This would constrain the orbital period to >12 days.
Evolutionary considerations
The evolutionary state of the likely WD Be/X-ray binary XMMU J052016.0−692505 can be constrained if we know the mass of the WD, the mass of the Be star, and the age of the system. Assuming the super-soft flux distribution arises from the WD surface and using temperature -luminosity tracks for steady nuclear burning WDs (Iben 1982; Nomoto et al. 2006) we constrain the WD mass to ∼0.87−0.97 M (90% confidence) by comparing with the allowed luminosity range from Fig. 2 . Using WD (non-LTE and LTE) model atmospheres may somewhat change the constraints for the WD mass. Also for a cooling WD a higher WD mass is consistent with the spectral parameters. From the spectral flux distribution in the optical we constrain the optical star to a ∼7−15 M star with an age of 2.5-43 Myr using stellar evolutionary tracks. Thus the spectral type of the star would be B0-3 and the presence of strong H α and H β emission lines in the optical spectrum would classify the optical star as B0-3e. A WD Be/X-ray binary with a mass of ∼0.9−1.0 M and a Be star of mass ∼7−15 M would be consistent with the stellar evolutionary scenario of Raguzova (2001) . A primary of initial mass 5.6−14 M evolves to a He star which will fill its Roche lobe and transfer mass to a secondary (B star) of a lower mass. Mass is transferred from the He star to the B star during case BB evolution and the mass of the secondary will grow. The He star evolves to a WD of mass ∼0.9−1.4 M . This scenario allows that the mass of the secondary (Be star) after the evolution of the primary to a WD is larger then the mass of the progenitor of the WD as some mass is transferred from the WD progenitor to the Be star. This may be consistent with the high rotation velocity derived from the H α full width. This scenario is also consistent with the result of a photometric survey of Be stars in 55 open clusters in the southern sky where 73% of the Be stars have been found to be most likely spun-up by binary mass transfer (Mc Swain et al. 2005) . This scenario offers the possibility that binary super-soft X-ray sources are observed in a relatively young (∼4 × 10 7 yr) stellar population. Apparently such a population is required to explain super-soft sources found in a few external galaxies close to spiral arms and/or HII regions (cf. discussion in Kahabka 2005).
Conclusions
We have discovered a super-soft X-ray source XMMU J052016.0−692505 in the LMC which is optically identified with the LMC variable star LMCV2135, a MACHO and OGLE variable. The EPIC-pn and MOS spectra are fitted with a blackbody spectrum with a bolometric luminosity > ∼ 10 34 erg s −1 . Assuming the bolometric luminosity does not exceed 10 38 erg s −1 , we infer a temperature of (25-70) eV, consistent with stable nuclear burning on a ∼0.9−1.0 M WD. The optical spectra are consistent with a Be star of spectral type B0-3e. They show strong H α and H β emission lines indicating the presence of an extended Be disk. XMMU J052016.0−692505 thus may be a stable nuclear burning WD accreting from the disk of a Be star.
